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Abstract
Ground squirrels were monocularly exposed to either steady- or ﬂashing-diﬀuse light for 45 min following an injection of 14C
2-deoxyglucose (2-DG). Autoradiographic analysis indicated greater metabolic activity in the lateral geniculate nucleus, visual
cortex and superior colliculus (SC) of the hemisphere lying contralateral to and receiving input from the diﬀusely stimulated eye
(covered by a white mask), than in the corresponding regions of the other hemisphere receiving input from the occluded eye (black
mask). The diﬀuse light results for the cortex and colliculus of the diurnal ground squirrel are diﬀerent from those for the nocturnal
rat. In the rat visual cortex, there is no diﬀerence between metabolic activity under conditions of diﬀuse light (steady or ﬂashing) and
under darkness. In the rat SC, although ﬂashing-diﬀuse light increases metabolic activity (as is the case for the squirrel), steady-
diﬀuse light decreases it to a level below that which occurs in darkness. The cortex and colliculus diﬀerences in 2-DG response to
diﬀuse light between the ground squirrel and rat were attributed to diﬀerences in the operations of their respective cone- and rod-
dominated visual systems.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Evidence is provided that diﬀuse light excites the vi-
sual cortex of cone-dominated animals but not of rod-
dominated animals, and the position is adopted that this
diﬀerence is attributable to the greater surface-process-
ing capacities of the cone-dominated visual system.
The ineﬀectiveness of diﬀuse light as a stimulus for
activating cat striate cortex cells became evident in the
classical studies of Hubel and Wiesel (1959). They found
that as the retino-geniculo-cortical pathway is ascended
cells become increasingly less responsive to diﬀuse light,
and that by the time cortex is reached only light with
spatial deﬁnition (dark bars, slits of light and edges) is
eﬀective in exciting cells. The ineﬀectiveness of diﬀuse
light as a cortical stimulus so impressed Hubel that he
speculated that the cortical cells whose receptive ﬁelds
fall on the borders of a uniform patch of light are alone
responsible for perception of the whole patch, with those
cortical cells with ﬁelds falling entirely within the bor-
ders contributing nothing (Hubel, 1988).
Bartlett and his collaborators conﬁrmed Hubel and
Wiesels cat diﬀuse light ﬁnding (DeYoe & Bartlett,
1980) and, in addition, determined that diﬀuse light is
also a poor stimulus for rabbit cortex (Kahrilas, Doty,
& Bartlett, 1980). Autoradiographic carbon-14 labeled
2-deoxyglucose (2-DG) work has established that rat
visual cortex is similarly unresponsive to diﬀuse light
(Cooper & Allen, 1994; Cooper & Thurlow, 1991;
Rooney & Cooper, 1988).
Not all animals, however, show a lack of a cortical
response to diﬀuse light. In contrast to the results of
their cat and rabbit experiments, the Bartlett group
(Kayama, Riso, Bartlett, & Doty, 1979) found that
monkey cortical neurons did respond to diﬀuse light.
Tootell, Silverman, Hamilton, DeValois, and Switkes
(1988) have also reported that elevations in 2-DG up-
take occur in monkey cortex in response to diﬀuse light.
Kayama et al. (1979) suggested that the respon-
siveness of monkey visual cortex to diﬀuse light was a
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reﬂection of greater corticalization of function in the
primate than in the cat and rabbit. They acknowledged,
however, that a diﬀerence between cone and rod vision
might also account for the species diﬀerence: their unit
recordings were made from cone-dominated foveal
cortex of diurnal rhesus macaque and squirrel monkeys
whereas the recordings were necessarily made from rod-
dominated cortex in the nocturnal cat and rabbit.
The ground squirrel seems a useful animal for ruling
between the two interpretations of the species diﬀerence
in cortical diﬀuse light responsiveness. The corticaliza-
tion of function idea predicts that the phylogenetically
‘‘lower’’ ground squirrel should be like its rodent cousin
the rat and should fail to show a cortical increase in
2-DG uptake in response to diﬀuse light. The ground
squirrel, however, is strongly diurnal in habit (Gur,
1987; Jacobs, 1981) and has a retina comprised of 90%
or more cones (Jacobs, 1990), almost the reverse ratio of
that of the nocturnal rat which has a retina made up of
95–99% rods (Szel & Rohlich, 1992). Thus, the ground
squirrel, like the diurnal monkey, has a visual system
best suited to daylight vision, making it conceivable that
the ground squirrel might also share cortical respon-
siveness to diﬀuse light. Conﬁrmation of this possibility
would suggest that cortical diﬀuse light responsiveness is
a feature of cone-dominated and not of rod-dominated
visual systems.
In order to provide a well-deﬁned metabolic picture
of the ground squirrel visual system, ensuring that ap-
propriate brain regions were examined in determining
the eﬀects of diﬀuse light, the eﬀects of conﬁgured light
on 2-DG uptake in the ground squirrel visual system
were ﬁrst outlined. This preliminary work with conﬁg-
ured light included exposing some squirrels to patterns
of stripes illuminated by ﬁve 500 W halogen lamps in
the laboratory, and exposing others to their grassy
home environment under sunlight. The results from
these conﬁgured light conditions indicated that very
strong illumination would be needed for a sensitive 2-
DG test of the eﬀects of diﬀuse light on ground squirrel
cortex. Autoradiographs produced by conﬁgured light




The results from 33 male and female ground squirrels
(Spermophilus richardsonii, ‘‘squirrels’’), of unknown
age and caught in the wild in the Calgary vicinity are
reported upon in detail below. The squirrels were
maintained singly in 24 45 15 cm clear plexiglass
wire top cages and fed rat chow. They weighed between
250 and 400 g each when tested.
2.2. Surgery
Jugular catheters for radiochemical delivery were
implanted under deep sodium pentobarbital anesthesia
(35 mg/kg i.p. and supplementary doses as needed), and
Teﬂon posts (used to anchor goggles) were glued with
cyanoacrylate and dental cement to the skulls of the
squirrels. (A detailed account of all surgical, 2-DG and
other procedures used in this study can be found in
Cooper, Thurlow, Jeeva, & Gafka (1992).)
2.3. Eye treatments and goggles
Except for four animals which underwent enucle-
ation, and one tested in complete darkness, all the
squirrels wore goggles that prevented light from reach-
ing one eye (black felt over the eye underneath a black
mask). For squirrels tested with diﬀuse light, the other
side of the goggles held a translucent white mask; for
squirrels tested with conﬁgured light, the other side of
the goggles remained open (no mask).
2.4. Stimulation conditions
2.4.1. Conﬁgured light stimulation
In the steady-pattern condition the squirrels were
conﬁned to a clear plastic cylinder and placed within a
larger box-like chamber covered on all six sides with a
montage of patterns of black and white, horizontal and
vertical, square-wave gratings (‘‘stripes’’) of diﬀerent
spatial frequencies. The set-up was similar to that used
before on the rat and is illustrated in Rooney and
Cooper (1988). Light transmission was 25% through the
white stripes and 0% through the black stripes.
Back-illumination of the stripes was provided by ﬁve
lamps positioned above and around the box. These
consisted of either ordinary incandescent household
lamps, ranging from 60 to 150 W, or 500 W halogen
lamps backed by reﬂectors (‘‘yard lamps’’). Water ﬁlters,
which had negligible eﬀects on light intensity meter
readings, and airﬂow provided by fans, maintained air
temperature in the conﬁning cylinder at a comfortable
25 C when the lamps of higher wattage were used.
In the ﬂashing-pattern condition the stripes were
back-illuminated by ﬂashes from either 5 incandescent
lamps crudely pulsed at 4 Hz with electromechanical
relays or by the stroboscopic, 10 ls ﬂashes from a single
Grass photostimulator (PS-2) pulsed at 5 Hz.
In the steady-prairie condition the squirrels were
tested in a grassy ﬁeld inhabited by ground squirrels.
Each squirrel, enclosed but free to move within the clear
cylinder, was placed on a small mound which monocu-
larly exposed it to a green, very grassy, rolling prairie
vista, punctuated by occasional Canada thistle, purple
vetch, yarrow, stinkweed, and other unidentiﬁed ﬂora,
and to a mainly blue sky above. The squirrels were
2900 R.M. Cooper / Vision Research 42 (2002) 2899–2907
tested in late June and early July in the cool of the early
morning.
2.4.2. Diﬀuse stimulation
In the steady-diﬀuse and ﬂashing-diﬀuse conditions a
diﬀusing solid white 1.5 mm thick plexiglass mask ﬁt-
ted to one side of the goggles decreased light intensity
by 1 log step and eliminated conﬁgured stimuli. For
some squirrels, the clear plastic holding cylinder was
located in a featureless white chamber, the white walls
of which decreased light transmission by about .15 log
step.
For steady-diﬀuse illumination, the high intensity
sources which had been demonstrated to be most ef-
fective in the conﬁgured light conditions were used. For
ﬂashing illumination, however, additional incandescent
lamps were added for some squirrels, and for others the
Grass photostimulator was set for peak intensity and
the experimenter trained the ﬂashes directly at the
white diﬀusing mask located only centimeters away
throughout the entire 45 min 2-DG uptake and clearing
period.
2.5. Test procedure
The squirrels were given 2-DG and exposed to the
test visual stimulation 48 h after surgery. The fully alert
squirrel was grasped, eliciting a stereotypical biting of
the experimenters ﬁngers (heavily gloved), which made
for easy attachment of headgear and the cutting of a
stitch to release a length of catheter which had been
coiled under the skin between the animals shoulders.
The squirrel was then placed in the clear acrylic cage,
and the 2-DG injected via the catheter (American Ra-
diolabeled Chemicals [1-14C] 2-deoxy-D-glucose, 50–60
mCi/mM spec. act. in saline carrier; dose: 100 lCi/kg).
The cylinder with the animal in it was then quickly
placed in the designated stimulation condition for the
usual 45 min 2-DG uptake and clearing period.
At the end of the 45 min test period, the squirrels
were given an anesthetizing dose of sodium pentobar-
bital through the catheter and perfused with saline and
buﬀered formalin, and the brain was removed and
cryostat-cut at 30l. The resulting sections, mounted on
microscope slides, were then apposed to Dupont Mic-
rovision X-ray ﬁlm together with Amersham C-14
plastic standards for approximately 2 week before de-
velopment. After autoradiographs were obtained, the
sections were stained with thionin.
2.6. Autoradiography
An imaging system (Imaging Research, St. Cathe-
rines, Ont., Canada) was used for qualitative and
quantitative analysis of the autoradiographs.
Quantitative analysis was based on densitometric
readings taken from predetermined sample loci (Fig. 3)
from at least three sections and each reading was con-
verted into a relative C-14 value using the readings from
the C-14 standards. These values were then normalized
by dividing them by the average relative C-14 value for
six entire frontal sections which passed through anterior
thalamus (near the section in Fig. 1 marked 1020l).
Hemispheric diﬀerence scores were determined by sub-
tracting the mean normalized relative C-14 value from
the sample locus in the hemisphere contralateral to the
unstimulated eye from the corresponding normalized
relative C-14 locus value from the other (mainly stimu-
lated) hemisphere.
3. Results
3.1. Metabolic anatomy of the ground squirrel visual
system
Fig. 1 shows a coronal series of autoradiographs and
matching thionin-stained sections from squirrel no.
1169. This animal had undergone right eye removal
prior to exposure of the left eye to steady-pattern under
the illumination provided by ﬁve 500 W halogen lamps
(34,000 lx or 3000 ft c). Because the ground squirrel
system is strongly crossed, the diﬀerential eye treatments
resulted in denervation-induced depression of glucose
consumption in the visual structures of the left hemi-
sphere and stimulation-induced homotopic increases in
glucose consumption in the right hemisphere.
The results provide a metabolic picture of the
squirrels visual system which coincides well with the
anatomy of the system as provided by classical mor-
phological techniques (Agarwala, Petry, & May, 1989).
Thus, subcortically, the relatively large dorsal and ven-
tral divisions of the lateral geniculate nucleus (LGNd
and LGNv) and the superior colliculus (SC) are readily
identiﬁable in the autoradiographs. The squirrel system
is not completely crossed as is evident from the vertically
oriented oval-shaped ipsilateral region of greater uptake
in the otherwise depressed LGNd of the left hemisphere
(sections 1680l through 2220l). This region of the
LGNd receives uncrossed retinal ganglion cell input.
Classical anatomical staining work suggests that
ground squirrel retinal ganglion cell terminals are sparse
in the lateral posterior nucleus (pulvinar nucleus) and in
the visual portion of the reticular nucleus (Agarwala
et al., 1989). Nevertheless, these regions (LPN, sections
1680–2910l; RET, section 0l, Fig. 1) were almost as
well deﬁned as the LGNd by the metabolic method.
Metabolically at least, these two thalamic regions,
whether they are activated directly by the eye, by cor-
ticofugal ﬁbers, or both, show glucose consumption
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suggesting that they are no less active in vision than the
retinal terminal structures usually designated as primary
(Agarwala et al., 1989).
In ground squirrel visual cortex, area 17 lies dorso-
medially in the caudal 40% or so of each hemisphere. At
the occipital pole, area 17 wraps around the medial as-
pect of the hemisphere, so that part of it lies ventral to
the white matter (Fig. 1, sections 4620l through 6180l).
Binocular area 17 lies lateral to monocular area 17 and
is clearly distinguishable as an area of higher activity in
comparison to monocular area 17 in the less stimulated
(left) hemisphere of section 4620l of Fig. 1. Light den-
sity readings from binocular cortex diﬀered little be-
tween the two hemispheres, consistent with the reception
of input from both eyes. Binocular cortex, interestingly,
took up more label than adjacent monocular cortex in
both hemispheres of the squirrel which was binocularly
tested in the dark (Fig. 2). Evidently, binocular cortex is
intrinsically more metabolically active than monocular
cortex.
Extra-striate cortical regions are also delineated by
the 2-DG technique. They lie lateral to area 17 and
dorsal and posterior to auditory cortex (Fig. 1, section
1260l to the occipital pole, cf., Kaas, Krubitzer, &
Johanson, 1989).
3.2. Sample loci
The autoradiographs from the animals which had one
eye removed and the other eye exposed to steady-pattern
provided a depiction of the squirrels visual system
which was useful for deﬁning the monocular visual re-
gions from which densitometer readings could be taken
for determining interhemispheric diﬀerence scores
(Fig. 3).
3.3. Conﬁgured light
Fig. 4 shows a graph of the hemispheric diﬀerence
scores for the animals monocularly exposed to steady
and ﬂashing conﬁgured light stimulation. The large
diﬀerence scores for the squirrels exposed to steady-
pattern under the strong illumination provided by the
ﬁve 500 W halogen lamps, and to steady-prairie under
strong sunlight, indicate that these were the most eﬀec-
tive visual conditions for activating the squirrel visual
Fig. 1. Autoradiographs (left) and corresponding nissl-stained sections (right) for ground squirrel (no. 1169) with right eye enucleated and left eye
exposed to steady-pattern back-illuminated at an intensity of 34,000 lx (3000 ft c). Note the generally greater C-14 2-DG label in the visual structures
of the right hemisphere fed by the stimulated left eye and the reduced label in the visual structures of the left hemisphere fed by the enucleated eye.
Asterisks indicate those sections selected for densitometric readings in quantitative assessments––see Fig. 3. Abbreviations: IC¼ inferior colliculus,
LGNd¼ dorsal lateral geniculate nucleus, LGNv¼ ventral lateral geniculate nucleus, LPN¼ lateral posterior nucleus, MGN¼medial geniculate
nucleus, RET¼ reticular nucleus, SC¼ superior colliculus.
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system (Figs. 4 and 5). The ﬂashing-pattern conditions
were not so eﬀective: the diﬀerence scores from ﬂashing
the patterns of stripes at 4 Hz using ﬁve 150 W lamps
(ﬂashes of about 1600 lx intensity) were close to zero for
the single animal tested under that condition, and the
positive scores for the two squirrels tested with the
Grass photostimulator set for 5 Hz and 5:4 106 lx
(500,000 cp) were unimpressive (Fig. 4).
Fig. 4 includes the results for the four enucleated
squirrels, three that were exposed to steady-pattern and
one to ﬂashing-pattern. The diﬀerence scores for these
animals, when compared to those for animals that were
similarly tested but with an eye masked, provide quan-
titative support for the claim, already expressed above in
the metabolic description of the anatomy of the squirrel
visual system, that enucleation depresses glucose con-
sumption in the squirrel visual system as compared to
the resting, unstimulated, condition.
The conﬁgured light results suggest that any meta-
bolic eﬀects arising from diﬀuse light are most likely to
be observed when the squirrels are tested with strong
illumination––the stronger the better.
3.4. Diﬀuse light
The hemispheric diﬀerence scores for the eight ani-
mals tested with steady-diﬀuse light were all positive
(Fig. 6), indicating that this condition was eﬀective for
elevating metabolic activity widely in the squirrel visual
system. The modest but consistent increases in cortical
2-DG uptake and the absence of negative scores for the
SC under the steady-diﬀuse light condition deserve em-
phasis because they are results which would not be ob-
tained for the rat.
Flashing-diﬀuse light also increased 2-DG uptake
throughout the visual system. Two of the eight squirrels
assigned to this condition, however, showed negligible
increases in 2-DG uptake. These had been tested with
the Grass photostimulator set at 5.4 million lx (500,000
cp) and their results were predictable from the modest
positive scores obtained when the same ﬂashing Grass
source was used to illuminate the patterns of stripes
(Fig. 4). However, with the photostimulator set for a
maximal (and apparatus threatening) 10.8 million lx
(1,000,000 cp), and with the lamp placed only centime-
ters away from the squirrels eye covered with the white
mask, the increases in 2-DG uptake for the LGNd and
SC were striking (Fig. 7).
Fig. 3. Line drawings indicate the three LGNd sample loci (upper
drawing), the ﬁve cortical sample loci (all three drawings), and the six
SC sample loci (middle and lower drawings) for one side of the brain.
Section numbers in l correspond to those shown in Fig. 1.
Fig. 2. Autoradiographs from squirrel no. 1312 tested in darkness.
Note that even in the absence of visual stimulation C-14 uptake is
greater in area 17, most obviously in the more lateral binocular region
(arrowheads).
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4. Discussion
4.1. Corticalization of function vs. cone vision
Both strong steady-diﬀuse and ﬂashing-diﬀuse light
consistently led to elevated 2-DG uptake in the visual
cortex of the ground squirrel. Diﬀuse light has also been
found to activate the visual cortex of rhesus macaque
and squirrel monkeys (Kayama et al., 1979; Tootell
et al., 1988) but not that of cats (DeYoe & Bartlett,
1980), rabbits (Kahrilas et al., 1980) or rats (Rooney &
Cooper, 1988).
The ground squirrel result undermines the idea
(Kayama et al., 1979) that greater corticalization of
function accounts for the presence of cortical diﬀuse
light responsiveness in the monkey and its absence from
lower species like the cat. If the corticalization idea
were correct, then ground squirrel cortex should be
more like rat cortex and should not respond to diﬀuse
light. The ground squirrel result better supports the
position that cortical responsiveness to diﬀuse light is a
feature of cone-dominated species (monkey and ground
squirrel) and not of rod-dominated species (rat, rabbit
and cat).
Katz (1935) has emphasized the importance of cone
vision for the perception of surfaces. With rod vision,
for example, ﬂat surfaces are no longer seen as distinctly
located in space becoming ‘‘gloomy’’ (Rothwell &
Campbell, 1987), and lose their color. According to the
position taken here the reactivity of monkey and ground
squirrel cortex to diﬀuse light is a correlate of a cone-
dominated visual system that contains the machinery
necessary for processing surface information; in the case
of rod-dominated animals such machinery is lacking,
and the major function of the visual system is the de-
tection of borders, and not the analysis of what lies
between them. (The stance adopted implies that it would
be more accurate to characterize rod-dominated animals
like rats and cats as ‘‘surface blind’’ than as ‘‘color
blind.’’)
Sixty years ago, Kl€uver (1942) believed it unlikely
that there is a progressive corticalization of visual
functions in the course of phylogenetic development and
that a polyphyletic origin of visual functions should be
considered. The presence of cortical diﬀuse light res-
ponsiveness in animals as diverse as the ground squirrel
and monkey supports Kl€uvers argument and further,
illustrates the perils of ignoring such a position when
Fig. 4. Hemispheric diﬀerence scores (stimulated side minus unstimulated side) for ground squirrels with one eye exposed to conﬁgured light (steady-
pattern, steady-prairie, and ﬂashing-pattern) and the other eye masked (n ¼ 12) or removed (n ¼ 4). Patterns of dark and light stripes of varying
spatial frequencies were back-illuminated at the approximate intensities (values in lx) indicated. Truly eﬀective ﬂashing-pattern conditions were not
achieved. Only no. 1092 showed large diﬀerence scores but these reﬂect the considerable depression produced by the monocular enucleation; no.
1103, stimulated in the same way but with one eye intact and covered with a black mask, showed diﬀerence scores near zero. Greater, although less
than robust, increases were obtained when the stripes were illuminated by the 5,400,000 lx ﬂashes from the Grass photostimulator (nos. 1322 and
1325).
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comparing the visual systems of diﬀerent species (e.g.,
Hubel, 1988; Kayama et al., 1979).
4.2. Is the diﬀuse light information provided by rod-
dominated vision processed subcortically?
The refractoriness of rat cortex to what might be
called the intensity as opposed to the spatial dimension
of light is evident not just from the ineﬀectiveness of
diﬀuse light and the eﬀectiveness of conﬁgured light in
the rodent cortex. Even when light is spatially conﬁg-
ured, large variations in its intensity do not aﬀect cor-
tical glucose utilization: the increase in cortical 2-DG
uptake is uniform across groups of rats exposed to the
patterns of stripes over a 6 log range of ﬂash intensities.
Subcortically, on the other hand, evidence for intensity
processing exists where the 2-DG uptake increases as a
function of intensity whether the ﬂashes provide con-
ﬁgured or diﬀuse light to the rats eye (Cooper &
Thurlow, 1991).
It might be argued that the cortical diﬀerence in dif-
fuse light processing between the cone-dominated and
the rod-dominated species is really one of degree and
that cortical eﬀects thus may go undetected. The results
from rat cortical ablation studies (Bauer & Cooper,
1964; Cooper, Blochert, Gillespie, & Miller, 1972) argue
against this possibility: when rats wearing light-diﬀusing
goggles are trained to approach an illuminated panel
and to avoid a dark one they do not show a transop-
erative deﬁcit in retention of the habit after removal of
visual cortex, whereas unmasked rats which have
learned to discriminate using the spatial features of light
must learn the habit anew after the visual decortication.
That diﬀuse light (or pure intensity information) is
subcortically and not cortically mediated in rod-domi-
nated animals is consistent with the normal absolute
light threshold shown by the visually decorticate rat
(Cooper, Freeman, & Pinel, 1967). Intensity information
provided by rod vision may also be mediated subcor-
tically even in animals that possess a duplex retina: while
the visually decorticate monkey no longer displays a
photopic luminosity curve it still shows a scotopic lu-
minosity curve (Kl€uver, 1942; Lepore et al., 1975), as if
the remaining vision supplied by the subcortical visual
centers were solely dependent on rods. Consistent with
rod-mediated, subcortical, light intensity processing in
the simian, the visually decorticate monkey, like the vi-
sually decorticate rat, shows a normal absolute light
threshold (Kl€uver, 1942).
4.3. Steady diﬀuse light has diﬀerent eﬀects on rat and
ground squirrel colliculi
The eﬀects of diﬀuse light on 2-DG uptake in sub-
cortical structures of the ground squirrel are not iden-
tical to those obtained for the rat, suggesting that
diﬀerences between cone-dominated and rod-dominated
visual systems are not limited to cortex. In the ground
squirrel, both ﬂashing-diﬀuse and steady-diﬀuse light
increased 2-DG uptake in the LGNd and in the SC. In
the rat, ﬂashing-diﬀuse light similarly increases 2-DG
uptake in the LGNd and in the SC. Intriguingly, how-
ever, while steady-diﬀuse light also increases 2-DG up-
take in the LGNd of the rat, it simultaneously decreases
2-DG uptake in the SC to a level below that produced
by darkness. A possibly related observation has been
made by Arduini and Pinneo (1962) on the cat. They
found that optic nerve ﬁring in darkness was diminished
by steady illumination.
The depression in rat SC 2-DG uptake in response to
steady-diﬀuse light occurs at higher light intensities and
this ﬁnding (Cooper & Allen, 1994), as well as the SC
increases in 2-DG uptake which occur to ﬂashing-diﬀuse
light and to moving stripes (McIntosh & Cooper, 1989),
has led to the speculation that the SC metabolic de-
pression reﬂects processes which act to preserve the
Fig. 5. Series A: Autoradiographs for a squirrel (no. 1296) tested in the
laboratory which had one eye removed and the other exposed to
steady-pattern back-illuminated at an intensity of 34,000 lx (3000 ft c).
Series B: This squirrel (no. 1500) had one eye covered by a black mask
and the other exposed to steady-prairie under sunlight (75,600 lx or
7000 ft c). The two series of autoradiographs are qualitatively similar,
consistent with the thesis that stimulation in the laboratory led to
metabolic eﬀects that were similar to those produced by the animals
natural habitat.
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detection of changes in the visual environment when the
rod-dominated rat forages in daylight (Cooper & Allen,
1994).
4.4. Central specializations of rod and cone vision
Discourses on the mammalian retina (Bloomﬁeld &
Dacheux, 2001; Daw, Jensen, & Brunken, 1990; W€assle
& Boycott, 1991) describe rod signals being sent from
rod spherules to cone pedicles under mesopic conditions,
and via rod bipolars and amacrine cells to cone bipolars
under scotopic conditions. From such retinal circuitry it
might be concluded that the rods are a mere appendage
to a more basic cone system and thus unlikely to have
special representation beyond the retina. Nevertheless,
judging from the diﬀerent eﬀects of diﬀuse light on the
cortex and colliculus of animals like the ground squirrel
and rat, specializations of rod and cone vision, of in-
terest since at least the work of Schultze in 1866
(Tansley, 1965), extend beyond the retina.
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Fig. 6. Hemispheric diﬀerence scores (stimulated side minus unstimulated side) for squirrels wearing a diﬀusing white mask over one eye and a black
mask over the other. Some squirrels were tested in a white box to guarantee exposure restricted to diﬀuse light. All steady-diﬀuse (n ¼ 8) and six of
eight ﬂashing-diﬀuse squirrels showed clear increases in 2-DG uptake in the LGNd, cortex and SC.
Fig. 7. Autoradiographs from 2 squirrels each with one eye covered by
a black mask and the other eye covered by a white mask and exposed to
either ﬂashing-diﬀuse light (5 Hz, 10 ls ﬂashes of 10.8 million lx or 1
million ft c) (series A, no. 1300), or to steady-diﬀuse light (8640 lx or 800
ft c) (series B, no. 1310). The increases in 2-DG uptake from diﬀuse light
are obvious in subcortical structures but much less so in cortex, par-
ticularly when compared to squirrels stimulated with conﬁgured light.
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